In support of the Extreme Ultraviolet Lithography (EUVL) roadmap, a SEMATECH/CNSE joint program is underway to produce multiple EUVL (wavelength of 13.5 nm) R&D photolithography tools. The 0.5 NA projection optic magnification (5X), track length and mechanical interfaces match the currently installed 0.3 NA micro-field exposure tools (MET) projection optic
INTRODUCTION
Over the history of semiconductor-based computing hardware, the microchip performance has dramatically increased giving what was once supercomputing capability in devices that today fit into the palm of a hand. SEMATECH has been enabling this performance increase by supporting resist materials research through access to micro exposure tools (MET) for 157 nm, 193 nm immersion, and extreme ultraviolet lithography (EUVL) [6] [7] [8] . Since 2008 the current two SEMATECH 0.3 NA EUV METs have been supporting EUV resist materials readiness for a 22/16 nm half-pitch introduction [2] [9] [10] . However, a higher NA next generation EUV MET is now needed to support materials development for ≤ 10 nm nodes. SEMATECH completed the design of such a 0.5 NA MET in 2007 [4] and started the build of the system in late 2011 with the goal to have two such systems available for supporting materials research in 2014. The optical design of its projection optics modules is based on a modified Schwarzschild design. The key distinction to a modified Schwarzschild optic is that its mirrors are 16 th order aspheres with separated centers of curvature while a Schwarzschild optic uses two concentric spheres.
To upgrade the 0.3 NA METs, a 0.5 NA system (MET5) was designed and proposed with a ≤ 10 nm node target resolution goal [4] . The purpose of these small field (20 µm × 300 µm) tools is to provide very early learning into the extendibility of EUV lithography and in particular in the area of resists to help drive materials learning for patterning __________________________________ * Corresponding Author: K.D. Cummings, email: Kevin.Cummings@SEMATECH.org, phone: 518 649-1198 at ≤ 10 nm node. Given that 0.33 NA high-volume manufacturing (HVM) tools, in principle, capable of 16 nm resolution are now being deployed, it is crucial that advanced learning platforms such as the MET5 be capable of significantly higher resolution.
The 0.5 NA projection optic magnification (5X), track length and mechanical interfaces match the currently installed 0.3 NA micro-field exposure tools (MET) projection optic [1] [2] [3] . Therefore, significant changes to the current tool platforms and other adjacent modules are not necessary. However, many of the existing systems do need upgrades to achieve the anticipated smaller exposure feature sizes [4] . Carl Zeiss was chosen to assist this program by supplying the reticle metrology platform, several key component upgrades and to be the company responsible for final integration, alignment and installation of the MET5 upgrade.
This manuscript outlines the on-going activities to improve these modules.
UPGRADE CONSTRAINTS AND REQUIREMENTS
The design for the MET5 originally came out of the realization that existing 0.3 NA (MET3) tools would reach the limit of their usefulness [4] . This is a natural progression and the MET3 itself was conceived when the earlier small field 0.1 NA 10X Schwarzschild systems in use began to reach the end of their usefulness to the semiconductor industry [11] . The main difference this time is that in addition to having < 14 nm patterning expectations, the MET5 design would also have to be compatible with the existing MET3 platforms [3].
The 0.5 NA design of the MET5 gave us a comfortable 0.59 Rayleigh criterion at 16 nm resolution; however the need to re-use the MET3 platform imposed some difficult constraints.
Error! Reference source not found. Table 1 shows the key resulting MET5 system changes. To be able to fully utilize this tool and the corresponding ~ 35% reduction in resolution we are upgrading and adding several features to the current MET system. 
